
2Si 



IN THE UNITED 



T&rES PA^TONT AND TRADEMARK OFFICE 



In re patent application of 



Isomura, et al. 



^J2A0^Attorney Docket No.: TNG-3-US 



U.S. Patent No.: 



6,762,658 Bl 



Group Art Unit: 



2817 



Date Issued: 



July 13,2004 



Examiner: 



Takaoka, Dean O. 



For: DIELECTRIC RESONATOR AND DIELECTRIC FILTER 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 



SUBMISSION OF POSSIBLY RELATED PRIOR ART 



For the possible benefit of anyone subsequently evaluating the scope and/or validity of 
the above patent, it is respectfully requested that the Supplementary European Search Report 
dated April 5, 2004 and European Office Action dated July 5, 2004 (copies attached), filed in 
the European counterpart of U.S. Patent Application No. 09/807,819, along with the 
following reference cited in the Supplementary European Search Report, be placed in the file: 



Awai, et al., "A Dual Mode Dielectric Waveguide Resonator 
and its Application to Bandpass Filters", IEICE Transactions on 
Electronics, Institute of Electronics Information and Comm. 
Eng. Tokyo, JP, Vol. E78-C, No. 8, August 1, 1995, pp. 1018- 
1025. 



The undersigned has not reviewed the teachings of the European Office Action, the 
Supplementary European Search Report, nor the cited reference in detail and thus makes no 
representations concerning their relevancy or materiality. 



McGinn & Gibb, PLLC 

Intellectual Property Law 
8321 Old Courthouse Road 
Vienna, Virginia 22182-3817 
(703) 761-4100 
Customer No. 21254 



Sir: 




Respectfully submitted. 



„. f?jB.58ft - Patentlaan 2 

VV\ " 2280 Hv R'isw'ik (ZH) 

11 S +31 70 340 2040 ~ 
KJJiM TX 31651 epo nl , 
«S^f* FAX +31 70 340 3016 




Europaisches 
Patentamt 

Zweigstelle 
in Dsn Haag 
Recherchen- 
ahtpilnnn 


European 
Patent Office 

Branch at 
The Hague 
Search 
division 


Office europeen 
des brevets 

Departement a 
La Hay© 
Division de la 
rprhemhP 


F Prufer, Lutz H. , Dipl.-Phys 
PRUFER & PARTNER GbR, 
Patentanwal te, 
Harthauser Strasse 25d 
81545 Munchen 
ALLEMAGNE 






n 






pur 

Eing. 


1 1 j f i 

0 5. Aprli 200* 

ii 










Termin: 




Datum/Date 

05.04.04 


L 






j 




Zeichen/RefVRef. 

UH 4-15400.7 


AnmeWung Nr./Application Nc/Demande n°./Patent Nr ./Patent NoVBrevet n°. 

00953537 . 8-2220- JP0005587 


Anmelder/Applicant/Dernandeur/Patentinhaber/Proprietor/Titutaire 

Kabushiki Kaisha Tokin, et al 



COMMUNICATION 



The European Patent Office herewith transmits as an enclosure the European search report for the 
above-mentioned European patent application. 

If applicable, copies of the documents cited in the European search report are attached. 

DQ Additional set(s) of copies of the documents cited in the European search report is (are) enclosed 
as well. 



REFUND OF THE SEARCH FEE 

If applicable under Article 10 Rules relating to fees, a separate communication 
from the Receiving Section on the refund of the search fee will be sent later. 




EPO Form 1507.4 (03.95) 



Jj> 



European Patent 
Office 



SUPPLEMENTARY 
EUROPEAN SEARCH REPORT 



Application Number 

EP 00 95 3537 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lntCI.7) 



V 



AWAI I ET AL: "A DUAL MODE DIELECTRIC 
WAVEGUIDE RESONATOR AND ITS APPLICATION TO 
BANDPASS FILTERS" 

IEICE TRANSACTIONS ON ELECTRONICS, 
INSTITUTE OF ELECTRONICS INFORMATION AND 
COMM. ENG. TOKYO, JP, 
vol . E78-C, no. 8, 
1 August 1995 (1995-08-01), pages 
1018-1025, XP000536085 
ISSN: 0916-8524 

* page 1021, left-hand column, lines 
21-27; figure 9a * 



6,8 



HO IP 1/20 

H01P1/208 

H01P7/10 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.7) 



H01P 



The supplementary search report has been based on the last 
set of claims valid and available at the start of the search. 



Race of search 



The Hague 



Date of completion of the search 

29 March 2004 



Examiner 

Den Otter, A 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technotogical background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention * 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



XP 000536085 



1018 



2334c IEICE Transactions on Electronics 
E78-C(1995) August, No. 8, Tokyo, JP 

IEICE TRANS. ELECTRON.. VOL. E78-C. NO. 8 AUGUST 1995 



[ PAPER Special Issue on Microwave and Millimeter-Wa ve Technology 



A Dual Mode Dielectric Waveguide Resonator and Its 
Application to Bandpass Filters 



Ikuo AWAIt, Member and Takeharu YAMASHITA*, Nonmember 



SUMMARY The fundamental TE l0 mode in a rectangular 
waveguide of a square cross section is degenerate with TEw 
mode. A quarter wavelength resonator made of a dielectric 
square waveguide is, therefore, applied for a small-sized 
bandpass filter , just like dual mode filters for base stations in the 
mobile communication. In this paper, the methods to couple the 
two modes are first studied, including cutting a corner of the 
resonator and adding some metal electrodes on its end face. Both 
methods help to flow the rf current of the odd mode at the 
corner, resulting in decrease of the series inductance and thus 
increase of the resonant frequency. The coupling constant, that 
is proportional to the difference of the odd and even-mode s 
resonant frequency, can be controlled by the perturbations 
mentioned above. The coupling to the external circuit is adjust- 
ed by an electrode fabricated also on the end face. It is connected 
to a microstrip line and capacitively couples to the resonant 
modes. The coupling strength increases with the dimension of 
the electrode. The adjustment of the resonant frequency is 
carried out by the similar electrode on the end face and con- 
nected to the center of the side of the square cross section. The 
frequency decreases with the length of the electrode. The unload- 
ed Q is measured to be of around 500 for 5 x 5 x 10 mm resonator 
of £ r =9Z. The optimum aspect ratio for the resonator is found 
in terms of the Q value. The simplest bandpass filter, i.e., a 
two-stage bandpass filter is designed and fabricated using 5 x 5 X 
10 mm resonator. It is mounted in a square hole made in a 
printed circuit board and excited by a microstrip line. The 
frequency characteristics are in good agreement with the expected 
values. , 
key words: dual mode, dielectric waveguide resonator, high 
permittivity, bandpass filter 

1. Introduction 

In the mobile communication system, dual-mode circu- 
lar cylindrical or rectangular dielectric resonators have 
significantly contributed to make a bandpass filter 
more compact [l]. But those resonators are basically 
three-dimensional and, moreover, usually encapsulated 
in a metal case to avoid radiation, resulting in a rather 
bulky configuration in spite of the multiple spatial use 
of a resonator. Portable stations, on the other hand, 
use much smaller BPFs made of coaxial or strip line 
resonator [2], which are basically of one-dimensional 
structure. They are miniaturized to the limit at the 
expense of insertion loss. 

There could be an intermediate type of BPF which 
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has moderate physical dimension and insertion loss. It 
may be realized by a circular cylindrical or rectangular 
resonator directly covered with metal, which eventu- 
ally results in a dielectric waveguide resonator [3]. 
These intermediate characters would be useful for a 
microwave resonator or filter such as of a small base 
station which dose not handle too much power nor 
needs too small dimensions. Our investigation is on 
those resonators of square cross section. They have 
degenerate orthogonal modes to be coupled each other 
by adding a slight perturbation to the resonator [4]. 

Similar structures have already been studied in the 
form of a rectangular waveguide [5] or microstrip line 
resonator [6]. Since a dielectric material of high 
permittivity has strong field confinement, our resonator 
can enjoy a variety of coupling schemes different from 
the two structures mentioned above. We will show 
here two main coupling methods, one of which is 
cutting the corner of the resonator and the other adds 
some metallic patterns on the open end face. 

The coupling to the external circuit, frequency 
tuning of each resonating mode and the unloaded Q of 
the resonator will also be investigated to design a 
bandpass filter. In the last section, design and fabrica- 
tion of BPFs are shown based on the data in the 
following sections. 

2. Basic Structure of the Resonator 

The fundamental mode of a hollow rectangular 
waveguide resonator shown in Fig. 1 (a) is TEioi mode 
if its dimensions a, b and c are in the order b^a^c. 
It is considered to be a half wavelength resonator in the 
c direction. When the cross section is square (Fig. 1 
(b)), that is a = 6, TEioi mode becomes degenerate 
with TEod mode and they constitute the lowest mode 
pair. 

A dielectric waveguide of the same shape covered 
with metal film has, in principle, the same property 
except that the resonant frequency decreases by the 
dielectric constant. Thus the electric field of the 
degenerate TEioi and TE 01 , modes are respectively 
given by 



*=sin(^*)sin(-Jr)< 



(1) 
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Fig. 1 Rectangular waveguide resonators. 

(a) Hollow waveguide A/2 resonator 

(b) Dielectric waveguide A/2 resonator of square cross section 

(c) Dielectric waveguide A/4 resonator of square cross section 



TE 

Oil 



mode mode 

Fig. 2 Transverse electric field distribution of two degenerate 
fundamenul modes in A/4 dielectric resonator. 



-(f^)-(f Z )- 



(2) 



where ~_ and a ¥ are a unit vector along x and y 
direction, respectively, according to the coordinate 
system shown in Fig. I (b). Now, one cut the resonator 
in the center along the dotted line in Fig. 1 (b), then a 
quarter wavelength resonator of Fig. 1 (c) is obtained. 
Due to the high permittivity, the open end face makes 
a magnetic wall approximately. Thus the electromag- 
netic field in the resonator does not change from that 
in the half wavelength resonator. The lowest degener- 
ate modes in A/ 4 resonator are called TE\oi and TE* 0 n 
whose electric fields are roughly described in Fig. 2. 

3. Metal-Covered Corner Cut 

The effect of a partial corner cut as shown in Fig. 3 is 
analyzed with the help of the variational method. If 
we assume E is the electric field in the dielectric 
resonator, the resonant frequency is given by [7] 

fff M ~ l (FxE) 2 d r + 2 Jf[{y- x PxE)xEYdS 

fffeE'dr ~ 

(3) 

This expression is stationary, even if the tangential 
electric field dose not vanish on the resonator surface. 
Thus, we can expect a good approximation without 
taking care of the boundary condition for the trial 
function E, r . 

As for £, r , we choose the following linear combi- 
nation of TE'ioi and TE\>n modes 



CO 




Fig. 3 Configuration of corner-cut A/4 resonator of square cross 
section. 



Etr = m\ *i + ntzCz 



(4) 



The quantity *i and ei are the degenerate dominant 
modes in the square dielectric waveguide resonator of 
a quarter wavelength given in Eqs. (1) and (2). 
Substituting Eq. (4) into Eq. (3), we obtain 



2 2 

2 2 rtiimjNu 

COr— 5 5 

2 2»ww*A*- 



+ 2 jf/W'CFx*,) xe^dS 
A> = fffeereTdz 



(5) 



(6) 
(7) 



Following the Rayleigh-Ritz procedure, we 
differentiate Eq. (5) with respect to m, and obtain the 
secular equation by putting the determinant of the 
coefficient matrix of m x and m 2 equal to zero. 

' (Ml- Al«W» (A^-ZWr) -(N-Doj 2 r) 2 = 0 (8) 

where 



M2 + M1 ^ y A2 + A1 = D 
2 ' 2 



(9) 



Now, considering the symmetry of the structure, 
we have 

Ai = A 2 , Mi = M 2 , N l2 =N 2u A 2 =Ai=0 (10) 
Solving Eq. (8) for co\y we get as the final result 

.{^ in (f^)±^}{-^in(-^)=^} 

where ± signs are for the combinations of m\= ±m 2 
and correspond to the even mode angular frequency o)e 
and that of odd mode <o 0 . respectively. The first term 
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corner cut 




even odd 
mode mo de 

Fig. 4 Field distribution of even and odd modes. 
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0000 



Fig. 5 Coupling constant versus corner cut length. (a = S mm, 
c/2=10 mm Jd=0.6 mm ey-93) 

of Eq. (11) represents the squared value of the degener- 
ate resonant frequency of unperturbed TE'ioi or TE* 0U 
mode. The coupling constant k is calculated as 



_ Hafo— col) 

K — 5— 5 

(1)1+ col 



(12) 



The field distributions of the even and odd modes are 
described in Fig. 4 The names correspond to the sym- 
metry in regard to the corner cut. 
(a) Dependence on the Cut Length 
The coupling constant naturally increases as the cut 
length. But the location of the partial cut along the 
ridge influences the coupling, because the electric field 
varies along the longitudinal direction (2-axis). It 
takes maximum at the open end face, therefore the 
contribution of the corner cut should be largest there, 
considering Eq. (5) . The theoretical and experimental 
coupling constants are plotted in Fig. 5 for either cases 
when cutting is begun from the open or short end face. 
The dielectric material has a relative permittivity of 93, 
and the resonator dimension is 5X5X 10 mm hereafter. 

The main reason of discrepancy between theory 
and experiment is supposed to be the difficulty in 
machining the corner accurately and covering it with 
aluminum evaporation again, 
(b) Dependence on the Cut Depth 

A greater depth of cutting should also increase the 



a 0.10 



<3 

o 

Co 



S- 0.05 



0.00 



theory 
experiment 



Ad (mm) 



Fig. 6 Coupling constant versus corner cut depth, (a = 5 mm, 
c/2= 10 mm, /= 10 mm £ r = 93) 



Odd mode 
Even mode 




Fig. 7 Resonant frequency versus corner cut depth. (a = 5 mm, 
c/2 = 10 mm. / = 10 mm e r =93) 

coupling constant. There are shown theoretical and 
experimental results in Fig. 6 with a good agreement. 

The original data for the even and odd mode's 
resonant frequency are shown in Fig. 7 together with 
the calculated value by Eq. (11). The theoretical result 
was shifted arbitrarily to fit the experimental one at 
=0 mm. We can explain that the even mode is not 
affected by the corner cut, as follows; The rf current 
flowing across the unperturbed corner {x — a % y~Q in 
Fig. 3) can be obtained substituting Eqs. (1) and (2) 
into Maxwell's equation. The crossing currents at the 
corner for the even and odd modes are calculated as 



2a 



jcoiin 



-(*-) 



(13) 



The corner cut shortens the current path, resulting in 
the reduction of inductance for the odd mode. There- 
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Even mode 
Odd mode 



Ad (mm) 

Fig. 8 Resonant frequency versus open comer cut depth, (a- 
5 mm, c/2=\0 mm, /=10 mm, £ r = 93) 



fore, the even mode is not affected at all, whereas the 
odd mode's frequency increases with the perturbation, 
(c) Unmetalized Corner Cut 

If the cut corner is not covered with metal, it will 
intercept the rf current across the corner, and thus, the 
field distribution of the odd mode will be influenced 
appreciably. That of the even mode, on the contrary, 
will not change because the wall current at the corner 
dose not exist as shown in Eq. (13). 

The experimental result tells that the frequency 
shift of the odd mode is as much as 1 to 2 GHz, while 
that of the even mode is almost kept constant with the 
depth of cutting (Fig. 8). Considering that the cou- 
pling constant is determined by the difference of the 
resonant frequencies of both modes, i.e. by Eq. (12), it 
is too strong to create a BPF of reasonable bandwidth 
and also too sensitive to tune by a step-by step cutting. 
Therefore, we will discard this coupling scheme in 
spite of its simplicity and ease of adjustment after 
fabrication. 

4. Metal Patterns on the End Face 

The open end face of a A/4 dielectric waveguide 
resonator can be used for several purposes. First, a 
shorted conductor at the corner shown in Fig. 9(a) 
would act as a perturbation to couple the degenerate 
modes, h will help flow the rf current across the 
corner, and increase the frequency of the odd mode 
without affecting the even mode. Secondly, a shorted 
metal strip at the center of a square side as shown in 
Fig. 9(b) will be used to tune the resonant frequency. 
Lastly, a metal strip connected to the external circuit 
will excite the resonator (Fig. 9(c)). The excitation 
should become stronger as the area of the strip 
increases. 

(a) Coupling of the Degenerate Modes 





mtcrostrip 
line 



(a) Mode ( b ) Frequency (c) External 
coupling tuning coupling 

Fig. 9 Three kind of metal patterns for different purposes. 
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1 2 
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Fig. 10 Coupling constant versus dimension of the triangular 
metal pattern. (c/2=10 mm) 

Considering that the rf current across the corner is 
given by Eq. (13), we can understand the metal on the 
end face like Fig. 9(a) will make a bypass for the 
current of the corner cut as described before. But it 
should be smaller because the current path is far 
narrower in this case than the corner cut shown in Fig. 
3. An experimental result is given in Fig.. 10. As was 
expected, the coupling strength is around one tenth of 
Fig. 6, to the same dimension of the triangular pattern 
as the triangular cross section in Fig. 3. The even or 
odd mode is named according to the symmetry to the 
diagonal line crossing the perturbation as was before. 
Thus, the names are interchanged if the perturbation is 
shifted to the neighboring corners, e.g. (x — a % y = 0) or 
(*=0, y = a) in Fig. 1 (c). This fact suggests that two 
neighboring perturbation contribute subtractively to 
the coupling constant. We have carried out an experi- 
ment to confirm it, as is shown in Fig. 1 1. The patterns 
Mi and MT have increased the frequency of only the 
even mode and are kept unchanged. (The names even 
or odd are referred to the pattern M 2 ) Then, we add 
the pattern M 2 along the perpendicular diagonal line. 
It increases only the frequency of the odd mode, and 
thus, those of both modes intersect at 4a=\.(> mm. 
Considering that the coupling constant is given by Eq. 
(12). it becomes zero at the point, changing the sign 
when da passes the point. As a result, these patterns 
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Fig. 11 Adjustment of coupling by negative perturbation. (Ml 
and Ml* are kept constant. r/2=10 mm) 
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Fig. 13 Resonant frequency tuning of TEioi mode. (c/2= 10 
mm) 



(a) 




(b) 



Fig. 12 Electric field distribution for two electrode 
configurations. 

(a) parallel electrode 

(b) perpendicular electrode 

could be used to adjust the coupling constant after 
setting the main coupling by the corner cut. 

(b) Frequency Tuning 

The resonant frequency of both modes could be slight- 
ly different because of the unexpected deformation 
from a square cross section of the resonator. A metal 
strip connected to the side of the square end face 
shown in Fig. 9(b) would behave as a shunt capacitor 
to reduce the resonant frequency. It will affect TE\<u 
mode, but not TE' 0M mode. The electric field of the 
former will be changed as shown in Fig. 12(a), where- 
as that of the latter will remain almost the same as in 
Fig. 12(b). Figure 13 describes the experimental - 
result. The curve (b) tells the parallel electrode of 
2.0x 1.8 mm tunes the frequency as much as 10%, while 
the perpendicular one (a) has a negligibly small effect. 

(c) Coupling to the External Circuit 

One possible method of mounting the resonator is 



frequency 
tuning 
positive 
coupling 




negative 

coupling ^c~^^ 
I/O termial 

Fig. 14 Configuration of a two-stage bandpass filter. 



1000 



so 

5 



100 













93 


* 


1 








/ 



mm 



0 12 
I (mm) 

Fig. 15 External Q versus the length of exciting electrode. 
(c/2 = 10 mm) 



shown in Fig. 14. This is no other than the method for 
a 2-stage bandpass filter. The resonator block is insert- 
ed into the square hole of the printed circuit board 
(PCB), the upper surfaces of both being leveled. The 
two rectangular electrodes are soldered to the micros- 
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trip line, and side walls of the resonator are also 
connected to the ground plane of the PCB. 

Figure 15 shows an experimental result for the 
external Q of each resonant mode according to the 
dimension of the electrode. Since the coupling is 
capacitive, the area of the electrode is directly propor- 
tionate to the coupling factor l/0 r . 

5. Unloaded Q of the Resonator 

The unladed Q of a dielectric resonator is determined 
by the conductor, dielectric and radiation loss. That 
for a resonator of square cross section is given by [8] 



32 



600 



^«0./(cc) 

\ K-fcJ(cc) 




Fig. 16 Theoretical value of unloaded Q versus the cross- 
sectional dimension. (Volume is kept constant. A =0.0002/ 
GHz £ r =93. Conductivity is taken half of bulk silver) 



600- 




400- 



6 8T 

c/2 (mm) 

Fig. 17 Unloaded Q versus ihe length of the resonator (a — 5 
mm) 



-& =A a {a* -he 2 ) + ^ /o+ 3P cW" 

(14) 

where A is the skin depth of the silver coating, A is a 
constant proportionate to the loss of the dielectric, e r 
the relative permittivity, Ac the free space wavelength, 
and fo the resonant frequency. 

If one keeps the volume of the resonator constant 
and changes the cross section, Q> takes a maximum as 
shown in Fig. 16. This is because the conductor loss is 
larger for a smaller cross section, while the radiation 
loss becomes larger for a greater cross section. 

Figure 17 shows the experimental and theoretical 
values for Q> versus the length of the resonator with the 
dimension of the cross section constant. The difference 
between them is considered due to the under- 
estimation of the radiation loss in the theory, since the 
third term in Eq. (14) which corresponds to the radia- 
tion loss takes only the contribution of magnetic cur- 
rent at the end face into account. In fact, we can not 
neglect the effective electric current due to the mag- 
netic field leaking from the end face. 

The conductive loss of the resonator is induced by 
the surface magnetic field on the surrounding metal 
coating. Since the field dose not change in first approx- 
imation by adding a perturbation like Fig. 3 or Fig. 9 
(a), the unloaded Q of z perturbed resonator should 
remain nearly the same. 

6. Two-Stage Bandpass Filter 

A two-stage BPF is designed with the help of the 
insertion loss method. The normalized reactances of 
the maximally-flat prototype lowpass filter is given as 

£to=<73=l. ^ = 02=1-414 (15) 

If we choose the center frequency fo — 3.3 GHz and 
bandwidth £ = 70 MHz, the coupling constant is 



k=--fL=,-fL=o.o\s 

W9\9z Jo 



(16) 



Referring to Fig. 6, one takes the corner cut depth Ad 
as 0.63 mm. As for the external £?, 



(17) 



should be chosen, resulting in the exciting electrodes of 
1.9 X 1.5 mm by use of Fig. 15. The other metal pat- 
terns for tuning described in Sect. 4(a) and (b) are 
also prepared on the open end face. The filter is 
attatched to a PCB as shown in Fig. 14 

The insertion loss in the pass band can be calcu- 
lated as 
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Fig. 18 The transmission and reflection characteristics of a 
fabricated BPF. (The transmission loss 0.5 dB of the external 
microstrip line should be excluded) 



L =4.34 J-|;-g-= I.N dB, (18) 

where Q>, was read as 520 from Fig. 17 

The experimental result is depicted in Fig. 18. 
Although unexpected notches appear on the both sides 
of the pass band, the bandwidth and the insertion loss 
are almost as was designed. The notches are usually 
desirable because the sharper shoulder response of 
transmission characteristic improves the out-of-band 
rejection. They are supposed to be originated from the 
interference between the double signal paths i.e. the 
mutual inductive coupling of the two resonant modes 
and the mutual capacitive coupling of I/O terminals in 
Fig. 14. We are investigating how to design the notch 
characteristics including their spacing and depth. 

7. Conclusion 

A dielectric rectangular waveguide of square cross 
section has two fundamental modes that are degenerate 
and spatially orthogonal. We have studied the A/4 
resonator made of TEio and TEoi mode in the 
waveguide. First, a mutual coupling has been realized 
via a proper perturbation such as a corner cut or metal 
patterns on the end face of the resonator. It is 
controlled by the dimension of those perturbations, 
which is used for design of the bandwidth of a BPF. 
Secondly, it was elucidated that the external Q and the 
resonant frequency can be adjusted by adequate metal 
electrodes on the end face. The unloaded Q was also 
measured and shown to have a maximum for the aspect 
ratio of the cross section and the length of the 
resonator. 

Lastly, we have designed a two-stage bandpass 
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filter on basis of the data above mentioned. The 
fabricated filter has shown a good coincidence with the 
designed values, including the center frequency, 
bandwidth and the attenuation in the passband. The 
structure of the proposed filter is one of the simplest 
and also tuning procedure is one of the easiest in terms 
of internal and external coupling or the center fre- 
quency. Extension to the more multiple coupling of 
resonant modes will be possible. 
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